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SYSTEM AND METHOD FOR COMPUTER 
SYSTEM REJUVENATION 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates in general to a system and 

method for rejuvenating a computer system. In particular, the 
present invention relates to a system and method for restoring 
a previously saved system image, automatically applying any 
patches to the image, and retaining user ?les and customiZa 
tions. 

2. Description of the Related Art 
Personal computer systems are relatively inexpensive and 

often provide exceptional computer poWer to an individual 
user. The personal computer systems each have a poWer sup 
ply, one or more processors, memory, nonvolatile storage, 
and input/output (I/O) devices that typically include a display 
monitor, a keyboard, and a selection device, such as a mouse. 
Personal computer systems provide ?exibility in that a user 
can use the personal computer system Whenever poWer is 
available to the system. Applications loaded on the personal 
computer system are therefore available Whenever the user 
Wishes to use them. 

When a computer is ?rst set up, an operating system, such 
as LinuxTM or Microsoft WindoWsTM, is installed to control 
operation of the computer system. Modern operating systems 
are often very complex and include “metadata” describing the 
applications and other ?les that are installed on the system. 
When an application is installed, the operating system records 
data about the application (metadata). In some operating sys 
tems, the metadata is stored in a database. In the Microsoft 
WindoWsTM operating system, the database is referred to as a 
“registry.” 

In theory, When an application is removed from the system 
the registry data is removed as Well. Likewise, When a user 
upgrades from one version of an application to another, the 
neW version information is supposed to overWrite the original 
version information. HoWever, in practice, data in the registry 
is often not deleted or updated correctly and, over time, the 
registry becomes unduly cumbersome and/or corrupted caus 
ing the operating system to take considerable time to retrieve 
application settings and perform user requests. 

To address this challenge, some programs have been mar 
keted, such as GoBackTM, that alloWs the user to remove a 
latest set of changes. While this is useful to counteract a 
poorly behaved program that is neWly installed, the problem 
of these types of programs is that they only alloW the user to 
revert back a certain amount of time, depending upon the 
storage allocated to the program. Another problem With these 
types of programs is that they remove both the good and the 
badiWhile a poorly behaved program may be removed, the 
program Will also remove security patches and other patches 
that have been applied to Well behaved applications. The 
removal of these patches, especially those to the operating 
system, can leave a system exposed to attacks from malicious 
users over a netWork, such as the Internet. 

What is needed, therefore, is a system and method that 
alloWs a user to capture images of the primary drive onto a 
second nonvolatile storage device so that When system per 
formance becomes sluggish, one of the saved images can be 
copied from the second nonvolatile device to the primary 
drive. Furthermore, What is needed is a system and method 
that retains the user data and customizations made to appli 
cations. Finally, What is needed is a system and method that 
re-applies patches to the operating system and applications 
stored in the image. 
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2 
SUMMARY 

It has been discovered that the aforementioned challenges 
are resolved using a system and method that stores images of 
the primary drive to a second nonvolatile storage area so that 
the user can apply one of the images to the primary drive 
While also retaining the user’s data and any con?guration 
preferences added to the operating system or applications. 
Upon production or purchase of the computer system, an 

original image of the primary drive is created and stored on 
the second nonvolatile storage area. Periodically, either upon 
user request or at scheduled times, other complete images of 
the primary drive are created and stored on the second non 
volatile storage area. In addition, When patches are released 
by softWare vendors in support of the operating system or 
applications, the patch is applied to the operating system or 
application and a copy of the patch is stored in the second 
nonvolatile storage area. 

If the computer system is sluggish or is operating ine?i 
ciently, the user requests “rejuvenation” of the computer sys 
tem. When rejuvenation is requested, the user selects an 
image from a list of images available on the second nonvola 
tile storage area. A comparison is made betWeen the selected 
image and the current primary drive to determine if any appli 
cations have been added since the image Was created. If 
applications have been added, a list of applications not 
included in the selected image is displayed informing the user 
that the applications Will not be included in the rejuvenated 
systems and Will have to be installed separately if the user 
Wishes to continue using such applications. 
The computer system is disconnected from any netWorks 

so that the computer is not vulnerable to attack While the 
rejuvenation process is taking place. During the rejuvenation 
process, the user’s data ?les and application settings are cop 
ied from the primary drive to the second nonvolatile storage 
area. After the ?les are copied, the primary drive is reformat 
ted. The image selected by the user is copied from the second 
nonvolatile storage area to the primary drive. As previously 
described, the image selected by the user includes the oper 
ating system and Whatever applications Were on the primary 
drive at the time the image Was created. Next, patches that 
Were saved on the second nonvolatile storage area are applied 
to the operating system and applications. The user’s data ?les 
are then moved back from the second nonvolatile storage area 
to the primary drive along With any application and operating 
system preferences. 
At this point, the computer system has been rejuvenated 

With the operating system and applications included in the 
selected image, patches have been applied, and the user’ s data 
?les and application/operating system con?guration settings 
have been loaded on the primary drive. In addition, any pro 
grams that Were not included in the selected image have been 
removed from the primary drive and the operating system’s 
metadata, such as the registry, has been restored to the state 
that existed at the time the selected image Was created. In this 
manner, registry entries and poorly behaving programs that 
may have been causing the inef?cient, sluggish, computer 
performance have been removed, thus improving system per 
formance. 
The foregoing is a summary and thus contains, by neces 

sity, simpli?cations, generalizations, and omissions of detail; 
consequently, those skilled in the art Will appreciate that the 
summary is illustrative only and is not intended to be in any 
Way limiting. Other aspects, inventive features, and advan 
tages of the present invention, as de?ned solely by the claims, 
Will become apparent in the non-limiting detailed description 
set forth beloW. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention may be better understood, and its 
numerous obj ects, features, and advantages made apparent to 
those skilled in the art by referencing the accompanying 
drawings. 

FIG. 1 is a system diagram showing an organization’s 
computer systems being restored to an approved image; 

FIG. 2 is a ?owchart showing set up steps taken to set up an 
organization’ s computer systems; 

FIG. 3 is a ?rst ?owchart showing the steps taken to restore 
an organization’s computer systems; 

FIG. 4 is a second ?owchart showing the steps taken to 
restore an organization’s computer systems; 

FIG. 5 is a system diagram showing a rejuvenation process; 
FIG. 6 is a high level ?owchart showing the steps taken 

during system rejuvenation; 
FIG. 7 is a ?owchart showing steps taken while the user is 

using a computer system enabled with rejuvenation software; 
FIG. 8 is a ?owchart showing the steps taken when the user 

requests rejuvenation of the computer system; 
FIG. 9 is a ?owchart showing the steps taken in copying the 

user’ s ?les and loading the turbo image onto the primary drive 
of the user’s computer system; 

FIG. 10 is a ?owchart showing the steps taken in reinstall 
ing applications onto the primary drive from the second non 
volatile storage area; and 

FIG. 11 is a block diagram of a computing device capable 
of implementing the present invention. 

DETAILED DESCRIPTION 

The following is intended to provide a detailed description 
of an example of the invention and should not be taken to be 
limiting of the invention itself. Rather, any number of varia 
tions may fall within the scope of the invention, which is 
de?ned in the claims following the description. 

It will be appreciated by those skilled in the art that the 
primary drive canbe a single physical and logical drive, or can 
consist of multiple drives (e.g., “c:”, “d:”, etc.). As used 
herein, the term primary drive is used to refer to the drives 
onto which the current version of the operating system, appli 
cations, and user data are stored, irregardless of whether one 
or multiple drives are used to store the data. Likewise, as used 
herein, a “second nonvolatile storage area” refers to a drive 
other than the primary drive. In a preferred embodiment, the 
second nonvolatile storage area is a hidden partition on a hard 
drive installed in the computer system. However, the second 
nonvolatile storage area can include one or more drives either 

physically or logically separated from the primary drive. For 
example, the second nonvolatile storage area could be a 
removable drive connected to the computer system with a 
?rewire or USB interface or could even be a CD-RW or a 

DVD-RW disk. In addition, the second nonvolatile storage 
area can be a network-accessible drive. 

FIG. 1 is a system diagram showing an organization’s 
computer systems being restored to an approved image. Orga 
nization 100, such as a corporation, nonpro?t organization, 
government agency, or the like, includes information technol 
ogy department (IT department) 110. IT department 110 sets 
up organizational information technology policies and pro 
cedures, purchases equipment and software for the organiza 
tion, maintains organizational network 160 used to intercon 
nect the organization’s computing resources, and assists 
employees and other authorized organizational uses with 
their computing needs. In a small organization, IT department 
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4 
110 may consist of a single individual or may be a large 
department as found in the largest corporations. 

IT department 110 purchases (licenses) the operating sys 
tem(s) and applications that will be used by the organization 
from application and operating system vendors 130. Operat 
ing system and application code can be received on media 
120, such as OD-ROMs, that are physically received by the IT 
department. In addition, the IT department may purchase 
applications and/ or the operating systems from an online 
vendor. In an online purchase, code 140 is sent through a 
computer network, such as the Internet, where it is received at 
the organization’s network 160 and stored on one of the IT 
department’ s computer systems. 

IT department 110 uses the operating system and applica 
tion software that was received, either on media and/or code 
received through the network, to create one or more approved 
images. In a small organization, a single image may su?ice 
with each person in the organization using the same operating 
system and set of applications. In a larger organization, mul 
tiple approved images may be needed in order to control costs 
as well as to provide each person with the operating system 
and applications that they need. For example, an image may 
be created for managers with one operating system and appli 
cations used by managers, while a different image may be 
created for software developers with a different operating 
system and a different set of applications needed for software 
development. 
The IT department includes “restoration” software (a res 

toration software tool) along with the approved image(s) and 
stores the approved images and restoration software in non 
volatile storage area 170. These approved images (including 
the restoration software) are loaded on computer systems and 
deployed to users 190. Periodically, application and operating 
system vendors release ?xes, or patches, to their software. 
These patches are typically released through online services 
available from computer network 150 (e. g., available for 
download through the Internet). Patch code 140 is received by 
IT department 110 through computer network 150 and the 
organization’s network 160. Patches generally address prob 
lems identi?ed by the software vendors after release of the 
operating system and/or applications. Some of these prob 
lems relate to security vulnerabilities and, therefore, are 
sometimes critical in order to prevent exploitation by hackers, 
viruses and other malfeasant software (“malware”). In some 
organizations, patches are evaluated by the IT department 
before being distributed to users 190, while in other organi 
zations the patches are downloaded directly by the end users. 
The IT department stores copies of patches to the operating 
system and applications included in the organizations 
approved image(s) in nonvolatile storage area 180. 

FIG. 2 is a ?owchart showing set up steps taken to set up an 
organization’ s computer systems. FIGS. 2 through 4 describe 
steps taken in implementing a restoration tool that may be 
implemented as a logic chip, such as a microcontroller, or in 
software executed by a main processor or processors (see 
FIG. 11 and corresponding text for further details regarding 
an example of a computer system that is capable of perform 
ing the computing operations described in FIGS. 2 through 
4). Processing commences at 200 whereupon, at step 210, the 
organization acquires the operating system and applications 
that it wishes to include in an approved image. At step 220, a 
model system is created with a primary drive and a second 
nonvolatile storage area, such as a hidden partition stored or 
located on the primary drive. Model computer system 225 is 
then used for loading of the operating system and applications 
onto the model computer’s primary drive (step 230). At step 
235, the restoration software is loaded onto the model com 
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puter system’s primary drive. At step 240, image 250 is cre 
ated of the model computer system’s primary drive that 
includes the operating system, applications, and the restora 
tion software. At step 255, image 250 is copied back to the 
second nonvolatile storage area. 
At step 260, master image 270 is created of the model 

computer system. The master image includes an image of 
both the primary drive and the second nonvolatile storage 
area. At step 275, the master image is replicated onto the 
primary and second nonvolatile storage area of additional 
computer systems 280. These computer systems may include 
any type of computer system such as desktop computers, 
server computers, and laptop computers. At step 290, the 
computers set up with master image 270 are distributed to 
users throughout the organization. Set up processing thereaf 
ter ends at 295. 

FIG. 3 is a ?rst ?owchart showing the steps taken to restore 
an organization’s computer systems. Processing commences 
at 300 whereupon, at step 310, the organization creates a 
master image of the operating system and applications and 
stores the master image in nonvolatile data store 270 (for 
details on the creation of the master image, see, e.g., FIG. 2 
and the detailed description corresponding to FIG. 2). At step 
320, computer system 325 is initialized using the master 
image. As shown, computer system 325 includes nonvolatile 
storage 330. Nonvolatile storage includes primary drive 335 
that the user uses on a day-to-day basis as well as second 
nonvolatile storage area 340, such as a hidden partition, a 
removable nonvolatile storage device, or the like. The initial 
ized computer system is deployed to a user within the orga 
nization. 

At step 345, the user uses computer system 325. Periodi 
cally, patches 360 are provided for the applications that were 
included in the master image as well as the operating system 
that was included in the operating system. In some environ 
ments, the patches are ?rst received by the IT department and 
tested before being deployed to the users, in other environ 
ments the users are responsible for downloading the patches 
from computer network 150, such as the Internet, that inter 
connects the user’ s computer system with servers operated by 
application and operating system providers 130. At step 350, 
patches received at the user’ s computer system are applied to 
the operating system and applications stored on primary drive 
335. In addition, a copy of the patch that was applied is stored 
on second nonvolatile storage area 340. Copies of patches are 
stored on the second nonvolatile storage area so that the 
patches can be re-applied after the master image is refreshed. 
At step 365, the user creates data ?les, such as word process 
ing documents, spreadsheets, and the like, using the software 
applications available on primary drive 335. At step 370, the 
user customizes settings, such as menus, colors, and other 
preferences available on the operating system and applica 
tions stored on the primary drive. 

If the user installs any unapproved software applications or 
any malware is stored on the computer system, the unap 
proved software and malware will be wiped off the computer 
system when it is periodically restored. In addition, some 
system ?les such as the system registry, may become cor 
rupted with unused or unneeded entries. During the periodic 
restoration, such system ?les will be cleaned and returned to 
their original state. The computer system is periodically (e.g., 
daily, weekly, etc.) restored at a time that is convenient to the 
user, such as after hours when the user is not typically using 
the computer system (prede?ned process 375, see FIG. 4 and 
corresponding text for processing details). 
A determination is made as to whether the user’s computer 

system is being scrapped (decision 380). For example, after a 
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long period of time the organization may decide to provide 
the user with a newer computer system with faster compo 
nents and improved features. If the computer system is not 
being scrapped, decision 380 branches to “no” branch 382 
and the user continues to use the computer system and the 
computer system continues to be periodically restored. This 
continues until the computer system is scrapped, at which 
point decision 380 branches to “yes” branch 388 whereupon, 
at step 390, nonvolatile storage 330 is completely formatted 
(or destroyed) to prevent others from accessing data stored by 
the user on the computer system. Processing thereafter ends at 
395. 

FIG. 4 is a second ?owchart showing the steps taken to 
restore an organization’s computer systems. Restoration pro 
cessing commences at 400 whereupon, at step 410, the com 
puter system is disconnected from the network. Disconnect 
ing the computer system from the network prevents the 
computer system from being attacked by viruses and other 
malware that may reside on the network while the computer 
system is relatively vulnerable. For example, if a virus attacks 
computer systems with a particular operating system but a 
patch has been released by the operating system vendor to 
address the problem, the computer system may be vulnerable 
to attack after the master image is applied (step 440) and 
before the patch is applied to the operating system (step 450). 
However, if the second nonvolatile storage area is a network 
accessible drive, then the network is not disconnected so that 
the second nonvolatile storage area can be accessed for stor 
ing and retrieving ?les. 

During the “First Phase,” the user’s data ?les are copied 
from primary drive 335 to second nonvolatile storage area 
340 by the restoration software (step 420). Also, at step 420, 
application and operating system settings are copied from 
primary drive 335 to second nonvolatile storage area 340. 
User data ?les are identi?ed by extensions (e. g., “.doc,” 
“.xls,” “.wpd,” etc.) as well as directory locations (e.g., “My 
Documents,” etc.). 

During the “Second Phase,” the primary drive is reformat 
ted at step 430. As used herein, “reformatted” is any method 
that erases all ?les from the primary drive. Reforrnatting thus 
results in all ?les on primary drive being erased. These ?les 
include ?les that comprise the operating system, the approved 
applications, application settings ?les, user data ?les, as well 
as any unapproved software programs, including malware, 
that may have been loaded on the primary drive. 

During the “Third Phase,” the primary drive is restored. At 
step 440, the master image that includes the operating system 
and the approved applications is copied from second nonvola 
tile storage area 340 to primary drive 335.At step 450, patches 
stored on second nonvolatile storage area 340 are applied to 
the operating system and the applications that now reside on 
primary drive 335. These patch ?les were collected and stored 
on second nonvolatile storage area 340 when patches were 
released by the IT department or the operating system/appli 
cation vendors (see FIG. 3, step 350 for details). At step 460, 
application and operating system settings that were copied to 
the second nonvolatile storage area during step 420 are copied 
back to the primary drive and applied to the operating system 
or the respective application. At step 470, the user’s data ?les 
that were also copied to the second nonvolatile storage area 
during step 420 are copied back to the primary drive. 

After the computer system has been restored, at step 480 it 
is rebooted to restore the system data stored in memory and 
the computer system is reconnected to the computer network. 
Processing thereafter returns at 495. 

FIG. 5 is a high level ?owchart showing the steps taken 
during system rejuvenation. FIGS. 5 through 10 describe 
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steps taken in implementing a rejuvenation tool that may be 
implemented as a logic chip, such as a microcontroller, or in 
software executed by a main processor or processors (see 
FIG. 11 and corresponding text for further details regarding 
an example of a computer system that is capable of perform 
ing the computing operations described in FIGS. 2 through 
4). Processing commences at 500 whereupon, at step 510, the 
user or the computer system manufacturer sets up computer 
system 525 with primary drive 555 and second nonvolatile 
storage area 560. Computer system 525 further includes one 
or more processors 530, memory 535, I/O subsystem 540, and 
nonvolatile storage 550 (controllers and logic for managing 
internal and/or external nonvolatile storage devices). 
At step 570, an operating system, applications, and reju 

venation software are loaded onto primary drive 555. The 
user uses the computer system for a period of time. At a point 
where the computer system is running optimally (step 580), 
the user requests the rejuvenation software to create an image 
of the primary drive and store the image on second nonvola 
tile storage area 560. The image is called a “turbo” image to 
indicate that the image is of the computer system when it was 
running optimally. As second nonvolatile storage area space 
allows, the user can create additional turbo images so that the 
user can rejuvenate the system back to any one of the turbo 
images saved to the second nonvolatile storage area. 

The user then uses the computer system with the rejuvena 
tion software (prede?ned process 590, see FIGS. 7-10 and 
corresponding text for processing details). As explained in 
detail below, the rejuvenation software allows the user to 
rejuvenate the computer system back to a point in time that 
the computer system was running optimally. Processing 
thereafter ends at 595. 

FIG. 6 is a system diagram showing a rejuvenation process. 
Rejuvenation software 600 is used at various points in time in 
order to rejuvenate a computer system by saving data to 
second nonvolatile storage area 560 and, when the system is 
no longer performing optimally, by retrieving data from the 
second nonvolatile storage area. 
When the computer system is running optimally (step 610), 

the rejuvenation software is used to create an image of the 
computer system (turbo image 620). Turbo image 620 is an 
image of the primary drive including the operating system, 
the applications that have been installed, patches applied to 
the operating system and application, customiZations that 
have been made to the operating system and applications, and 
data ?les that have been created using the operating system 
and the applications. Subsequent images can also be created 
either overwriting the original turbo image or additional turbo 
images can be created and stored on second nonvolatile stor 
age area 560 as storage space permits. Having multiple turbo 
images 620 allows the user to select a turbo image to use for 
rejuvenating the computer system. 

After the turbo image is created, when the user adds an 
application, such as a word processing application, the reju 
venation software can be used to store application images to 
second nonvolatile storage area (step 625). For example, if a 
word processing application is installed, the runtime ?les are 
installed on primary drive 555 and the operating system’s 
registry is updated accordingly. The rejuvenation software 
creates an image of the media used to install the word pro 
cessing application, such as the CD-ROM discs purchased by 
the user. If the word processor was purchased over the Inter 
net, the ?les downloaded from the Internet used to install the 
application are stored to second nonvolatile storage area 560. 
In FIG. 6, several application images (630, 635, through 640) 
have been created. As images of the installation media, these 
?les can be used to reinstall the applications after the com 
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puter system is rejuvenated using the turbo image. Also, 
because these applications were installed after the turbo 
image was created, they will not be on the primary drive after 
the primary drive is rejuvenated with the turbo image and will 
have to be reinstalled if the user wishes to continue using the 
applications. 

Also after the turbo image has been created, whenever 
patches are released by software vendors corresponding to the 
operating system or any of the applications, the patch is 
applied to the software (operating system and/or applica 
tions) residing on the primary drive and a copy of the patch is 
stored (step 650) onto second nonvolatile storage area 560 in 
patches data store 655. Because these patches were applied 
after the turbo image was created, they will not be included in 
the operating system and applications after the primary drive 
is rejuvenated with the turbo image. Therefore, these patches 
will be reapplied by the rejuvenation software after the turbo 
image is copied back to the primary drive. 

User data ?les, such as word processing documents, 
spreadsheets, and the like, are copied, at step 660, to second 
nonvolatile storage area 560 and are stored in data store 665. 
User-created data ?les are saved to subdirectories (or “fold 
ers”), such as “My Documents.” The rejuvenation software 
copies the ?les in these subdirectories to the second nonvola 
tile storage area. In addition, data ?les can often be recog 
niZed by their ?le extensions, such as .doc, .wpd, etc. The 
rejuvenation software can search for user data ?le types 
throughout primary drive 555 and stores the ?les that are 
found to the second nonvolatile storage area. The user can 
also customiZe the applications and operating system, for 
example changing the background of the desktop, customiZ 
ing the menus and toolbars, etc. In a sense, these customiza 
tion ?les are user data ?les and are also identi?ed by the 
rejuvenation software and copied from primary drive 555 to 
second nonvolatile storage area 560. Step 660 is performed 
just prior to rejuvenating the primary drive so that all of the 
user’s data ?les are copied to the second nonvolatile storage 
area. In addition, step 660 can be performed periodically, 
such as daily, weekly, or monthly, in order to provide a backup 
copy of the user’s data ?les. 

Over time, the computer system becomes loaded with 
unused and unneeded applications with numerous unused 
entries added to the system registry. Some of these applica 
tions may be poorly behaved applications that run in the 
background and impede system performance. The result of 
the extra registry entries and applications is that the computer 
system starts running sluggishly. When the user notices that 
the computer system is running sluggishly, he requests that 
the primary drive of the system be rejuvenated (step 670). 
During rejuvenation, current image 680 residing on primary 
drive 555 is replaced with rejuvenated image 690.As detailed 
in FIG. 7-10, rejuvenated image 690 is created by reformat 
ting primary drive 555, copying turbo image 620 to the pri 
mary drive, reinstalling any applications (630 through 640) 
that the user still wishes to use that were not included in the 
turbo image, reapplying any patches (655) to programs (pro 
grams being the operating system and the applications) both 
included in the turbo image as well as the applications 
installed afterwards. Finally, data ?les (665) are copied back 
to the primary drive into their correct locations (i.e., subdi 
rectories, folders, etc.). The resulting rejuvenated image 690 
is now running the turbo image with patches applied along 
with the user data ?les that were present prior to rejuvenating 
the system. 

FIG. 7 is a ?owchart showing steps taken while the user is 
using a computer system enabled with rejuvenation software. 
Processing commences at 700 whereupon, at step 710, the 
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user uses the operating system and applications stored on the 
primary drive to create data ?les (e.g., word processing docu 
ments, spreadsheets, etc.) and modi?es operating system and 
application settings (e.g., menus, colors, and other prefer 
ences available on the operating system and applications 
stored on the primary drive). These user ?les and preferences 
are stored on primary drive 555. Periodically, at step 720, the 
user’s computer system receives patches to the operating 
system and/ or applications stored on the primary drive. These 
patches may be manually downloaded by the user from a 
website, such as a website hosted by an application provider, 
or may be part of an automatic process where the application 
or operating system provider automatically sends patch ?les 
to the user’s computer when such patches are made available. 
In step 720, the patches are applied to programs (the operating 
system and/ or applications) on primary drive 555. In addition, 
a copy of the patch ?le is stored on second nonvolatile storage 
area 560. When the user installs a new software application 
(step 730), a determination is made as to whether the user 
wants to save an image of the application media (e.g., an 
image of the CD-ROM discs used to install the application, 
etc.) onto second nonvolatile storage area 560. If the user 
wants to copy the application image, decision 740 branches to 
“yes” branch 742 whereupon, at step 750, the application 
image is copied and stored to second nonvolatile storage area 
560. On the other hand, if the user does not want to copy the 
application image, decision 740 branches to “no” branch 746 
bypassing step 750. 

In an organizational setting, the IT department can deter 
mine which application images and patches are stored to the 
second nonvolatile storage area. A policy allowing only IT 
approved applications and patches to be stored on the second 
nonvolatile storage area would prevent patches that are faulty 
or cause disruption from being applied. Furthermore, this 
policy would allow the organiZation to follow licensing pro 
visions agreed to with the operating system and application 
vendors regarding the storage of backup images. 
A determination is made as to whether the user wants to 

rejuvenate the computer system (decision 760). If the user 
wants to rejuvenate the system at this time, decision 760 
branches to “yes” branch 762 whereupon the computer sys 
tem is rejuvenated (prede?ned process 770, see FIG. 8 and 
corresponding text for processing details). On the other hand, 
if the user does not wish to rejuvenate the system, decision 
760 branches to “no” branch 766 bypassing prede?ned pro 
cess 770. 

In an organizational setting, the IT department may deter 
mine when (how often) the users’ computer systems are reju 
venated. This could be accomplished by con?guring the reju 
venation software to operate at the IT-determined frequency 
or by having the users’ computer systems receive a signal 
from the IT department instruction the users’ computer sys 
tems to perform rejuvenation processing. 
A determination is made as to whether the user wants to 

continue using the computer system (decision 780). If the 
user wants to continue using the computer system, decision 
780 branches to “yes” branch 785 which loops back to the 
using of the computer system, receiving of patches, and 
installing of new applications. This continues until the user no 
longer wishes to use the system, at which point decision 780 
branches to “no” branch 790 and processing ends at 795. 

FIG. 8 is a ?owchart showing the steps taken when the user 
requests rejuvenation of the computer system. Processing 
commences at 800 whereupon, at step 810, details regarding 
the turbo image, or images, saved on second nonvolatile stor 
age area 560 are retrieved. At step 820, a comparison is made 
between the applications stored on second nonvolatile storage 
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560 area and the applications currently installed on the pri 
mary drive 555. The applications on the second nonvolatile 
storage area include both the applications included in the 
turbo image (see, e.g., turbo image 620 on FIG. 6) as well as 
application images that reside on the second nonvolatile stor 
age area (see, e.g., application images 630 through 640 on 
FIG. 6). 
A determination is made as to whether the list of applica 

tions stored on the second nonvolatile storage area is different 
from the applications installed on the primary drive (decision 
830). If the list is different, decision 830 branches to “yes” 
branch 832 whereupon, at step 840, a list of the applications 
that are not on the second nonvolatile storage area is displayed 
with a message that these applications, if desired, will have to 
be installed manually (i.e., using the media, such as CD-ROM 
discs, that were used to originally install the application). 
After viewing the list of differences, the user is asked whether 
he wishes to continue rejuvenating the computer system (de 
cision 850). If the user wishes to continue, decision 850 
branches to “yes” branch 852 to commence rejuvenating, 
however if the user does not wish to rejuvenate the system, 
decision 850 branches to “no” branch 856 bypassing the 
rejuvenation steps. Returning to decision 830, if there are no 
differences between the list of applications on the primary 
drive and those stored on the second nonvolatile storage area, 
decision 830 branches to “no” branch 836 bypassing step 840 
and decision 850 and commencing with the rejuvenation 
steps. 
The rejuvenation steps commence at step 860 with the 

computer system being disconnected from any computer net 
works, such as the Internet. The user’s computer system is 
disconnected from any networks so that the computer system 
is not vulnerable to viruses and other malicious attacks while 
being rejuvenated. However, if the second nonvolatile storage 
area is a network-accessible drive, then the network is not 
disconnected so that the second nonvolatile storage area can 
be accessed for storing and retrieving ?les. 

The turbo image is then loaded onto the primary drive 
(prede?ned process 870, see FIG. 9 and corresponding text 
for processing details). If more than one turbo image is avail 
able, then the image selected by the user is reloaded onto the 
primary drive. After the turbo image is copied to the primary 
drive, applications that were on the primary drive but not 
included in the turbo image are reinstalled (prede?ned pro 
cess 880, see FIG. 10 and corresponding text for processing 
details). Processing thereafter returns to the calling routine at 
895. 

FIG. 9 is a ?owchart showing the steps taken in copying the 
user’ s ?les and loading the turbo image onto the primary drive 
of the user’ s computer system. Processing commences at 900 
whereupon phase 1 (910) commences at step 920 with user 
data ?les and application settings being copied from primary 
drive 555 to second nonvolatile storage area 560. 

Phase 2 (930) commences at step 940 with primary drive 
555 being reformatted (i.e., the operating system, applica 
tions, and data ?les residing on the primary drive are erased). 
Phase 2 prepares the primary drive for rejuvenation of the 
turbo image and applications. 

Phase 3 (950) commences at step 960 with the turbo image 
being copied from second nonvolatile storage area 560 to 
primary drive 555. After step 960 completes, the primary 
drive is in the same state the drive was in when the turbo 
image was taken. At step 970, patch ?les stored on second 
nonvolatile storage area 560 after the turbo image was created 
are applied to the programs (applications and operating sys 
tem) that were included in the turbo image and copied to the 
primary drive. Patch ?les are typically programs that operate 
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to modify programs in order to ?x problems, such as software 
errors, or address security issues identi?ed with the programs 
that may make the programs vulnerable to attack by hackers 
and malware. At step 980, user data ?les and application 
settings are copied from second nonvolatile storage area 560 
to their original locations (i.e., subdirectories) on primary 
drive 555. 
At step 990, the computer system is rebooted so that the 

rejuvenated computer system settings are loaded into the 
computer system memory, and the computer system is recon 
nected to any networks to which the system was originally 
connected. Processing thereafter returns at 995. 

FIG. 10 is a ?owchart showing the steps taken in reinstall 
ing applications onto the primary drive from the second non 
volatile storage area. Phase 4 (1025) processing commences 
at 1000 whereupon, at step 1010 the name of the ?rst appli 
cation image stored on second nonvolatile storage area 560 is 
retrieved. The user is prompted as to whether the user wishes 
to reinstall the application at step 1020. A determination is 
made as to whether the user wishes to reinstall the application 
(decision 1030). If the user has requested reinstallation of the 
application, decision 1030 branches to “yes” branch 1032 
whereupon the application is installed onto primary drive 555 
using the image stored on second nonvolatile storage area 
560. For example, a setup or installation program included in 
the application image is identi?ed and executed. On the other 
hand, if the user does not wish to install the application, 
decision 1030 branches to “no” branch 1036 bypassing step 
1040. In this manner, if the installation of a particular pro 
gram caused the original performance issues leading to reju 
venation, that program can be removed from the system by 
reloading the turbo image, patches, and user data ?les, but not 
reinstalling the particular application during phase 4. 
A determination is made as to whether there are more 

application images stored on second nonvolatile storage area 
560 (decision 1050). If there are more application images, 
decision 1050 branches to “yes” branch 1055 which retrieves 
the name of the next application image and loops back to 
determine whether the user wishes to reinstall the next appli 
cation. This looping continues until all applications stored on 
the second nonvolatile storage area have been processed (i.e., 
either reinstalled or not reinstalled, as speci?ed by the user), 
at which point decision 1050 branches to “no” branch 1065. 
At step 1070, patches stored on second nonvolatile storage 

area 560 that correspond to the applications reinstalled during 
the invocations of step 1040 are reapplied to the applications. 
At step 1080, the user is provided with a list of applications 
that were originally on the primary drive before rejuvenation 
took place and were not included in the turbo image nor in any 
of the application images stored on the second nonvolatile 
storage area. The user can choose whether to reinstall this list 
of applications using other media (e.g., CD-ROM discs that 
were included with the application purchase). Processing 
thereafter returns at 1095. 

FIG. 11 illustrates information handling system 1101 
which is a simpli?ed example of a computer system capable 
of performing the computing operations described herein. 
Computer system 1101 includes processor 1100 which is 
coupled to host bus 1102. A level two (L2) cache memory 
1104 is also coupled to host bus 1102. Host-to-PCI bridge 
1106 is coupled to main memory 1108, includes cache 
memory and main memory control functions, and provides 
bus control to handle transfers among PCI bus 1110, proces 
sor 1100, L2 cache 1104, main memory 1108, and host bus 
1102. Main memory 1108 is coupled to Host-to-PCI bridge 
1106 as well as host bus 1102. Devices used solely by host 
processor(s) 1100, such as LAN card 1130, are coupled to 
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PCI bus 1110. Service Processor Interface and ISA Access 
Pass-through 1112 provides an interface between PCI bus 
1110 and PCI bus 1114. In this manner, PCI bus 1114 is 
insulated from PCI bus 1110. Devices, such as ?ash memory 
1118, are coupled to PCI bus 1114. In one implementation, 
?ash memory 1118 includes BIOS code that incorporates the 
necessary processor executable code for a variety of low-level 
system functions and system boot functions. 
PCI bus 1114 provides an interface for a variety of devices 

that are shared by host processor(s) 1100 and Service Proces 
sor 1116 including, for example, ?ash memory 1118. PCI-to 
ISA bridge 1135 provides bus control to handle transfers 
between PCI bus 1114 and ISA bus 1140, universal serial bus 
(U SB) functionality 1145, power management functionality 
1155, and can include other functional elements not shown, 
such as a real-time clock (RTC), DMA control, interrupt 
support, and system management bus support. Nonvolatile 
RAM 1120 is attached to ISA Bus 1140. Service Processor 
1116 includes JTAG and I2C busses 1122 for communication 
with processor(s) 1100 during initialization steps. JTAG/I2C 
busses 1122 are also coupled to L2 cache 1104, Host-to-PCI 
bridge 1106, and main memory 1108 providing a communi 
cations path between the processor, the Service Processor, the 
L2 cache, the Host-to-PCI bridge, and the main memory. 
Service Processor 1116 also has access to system power 
resources for powering down information handling device 
1101. 

Peripheral devices and input/output (I/O) devices can be 
attached to various interfaces (e.g., parallel interface 1162, 
serial interface 1164, keyboard interface 1168, and mouse 
interface 1170 coupled to ISA bus 1140. Alternatively, many 
I/O devices can be accommodated by a super I/O controller 
(not shown) attached to ISA bus 1140. 

In order to attach computer system 1101 to another com 
puter system to copy ?les over a network, LAN card 1130 is 
coupled to PCI bus 1110. Similarly, to connect computer 
system 1101 to an ISP to connect to the Internet using a 
telephone line connection, modem 1175 is connected to serial 
port 1164 and PCI-to-ISA Bridge 1135. 

While the computer system described in FIG. 11 is capable 
of executing the processes described herein, this computer 
system is simply one example of a computer system. Those 
skilled in the art will appreciate that many other computer 
system designs are capable of performing the processes 
described herein. 
One of the preferred implementations of the invention is a 

client application, namely, a set of instructions (program 
code) in a code module that may, for example, be resident in 
the random access memory of the computer. Until required by 
the computer, the set of instructions may be stored in another 
computer memory, for example, in a hard disk drive, or in a 
removable memory such as an optical disk (for eventual use in 
a CD ROM) or ?oppy disk (for eventual use in a ?oppy disk 
drive). Thus, the present invention may be implemented as a 
computer program product for use in a computer. In addition, 
although the various methods described are conveniently 
implemented in a general purpose computer selectively acti 
vated or recon?gured by software, one of ordinary skill in the 
art would also recogniZe that such methods may be carried out 
in hardware, in ?rmware, or in more specialiZed apparatus 
constructed to perform the required method steps. 

While particular embodiments of the present invention 
have been shown and described, it will be obvious to those 
skilled in the art that, based upon the teachings herein, that 
changes and modi?cations may be made without departing 
from this invention and its broader aspects. Therefore, the 
appended claims are to encompass within their scope all such 
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changes and modi?cations as are Within the true spirit and 
scope of this invention. Furthermore, it is to be understood 
that the invention is solely de?ned by the appended claims. It 
Will be understood by those With skill in the art that if a 
speci?c number of an introduced claim element is intended, 
such intent Will be explicitly recited in the claim, and in the 
absence of such recitation no such limitation is present. For 
non-limiting example, as an aid to understanding, the folloW 
ing appended claims contain usage of the introductory 
phrases “at least one” and “one or more” to introduce claim 
elements. However, the use of such phrases should not be 
construed to imply that the introduction of a claim element by 
the inde?nite articles “a” or “an” limits any particular claim 
containing such introduced claim element to inventions con 
taining only one such element, even When the same claim 
includes the introductory phrases “one or more” or “at least 
one” and inde?nite articles such as “a” or “an”; the same 
holds true for the use in the claims of de?nite articles. 

What is claimed is: 
1. A method comprising: 
installing a plurality of programs on a primary drive of a 

computer system, Wherein the programs include an 
operating system and one or more applications; 

using the programs installed on the primary drive for a ?rst 
period of time; 

during the ?rst period of time, storing one or more user data 
?les on the primary drive; 

creating a ?rst image of the primary drive after the ?rst 
period of time has elapsed, the creating including storing 
a copy of the ?rst image on a second nonvolatile storage 
area accessible from the computer system; 

in response to creating the ?rst image of the primary drive, 
using the programs installed on the primary drive for a 
second period of time; 

during the second period of time: 
installing a neW application; 
storing the neW application as an application image on 

the second nonvolatile storage area; and 
storing one or more additional user data ?les on the 

primary drive; 
rejuvenating the primary drive after the second period of 

time has elapsed, the rejuvenating including: 
copying the user data ?les and the additional user data 

?les from the primary drive to the second nonvolatile 
storage area; 

in response to the copying, reformatting the primary 
drive; 

copying the ?rst image from the second nonvolatile stor 
age area to the reformatted primary drive; 

recopying the user data ?les and the additional user data 
?les from the second nonvolatile storage area to the 
reformatted primary drive; 

prompting a user Whether to reinstall the neW application 
stored as an application image on the second nonvola 
tile storage area; 

in response to the prompting, receiving a response from 
the user; 

in response to receiving a yes response, reinstalling the 
neW application from the second nonvolatile storage 
area to the reformatted primary drive; and 

in response to receiving a no response, not reinstalling 
the neW application. 

2. The method of claim 1 Wherein the second nonvolatile 
storage area is a hidden partition of the primary drive. 

3. The method of claim 1 further comprising: 
during the second period of time: 
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14 
receiving one or more patches corresponding to the pro 

grams; 
applying the patches to the programs stored on the pri 
mary drive; and 

saving a copy of the patches on the second nonvolatile 
storage area. 

4. The method of claim 3 further comprising: 
during the rejuvenating: 

applying the patches to the programs stored on the refor 
matted primary drive after the ?rst image is copied 
from the second nonvolatile storage area to the refor 
matted primary drive. 

5. The method of claim 1 Wherein the user data ?les include 
one or more application settings ?les corresponding to at least 
one of the applications. 

6. An information handling system comprising: 
one or more processors; 

a memory accessible by the processors; 
a primary drive accessible by the processors, Wherein a 

plurality of programs are installed on the primary drive, 
the plurality of programs including an operating system 
and one or more applications; 

a second nonvolatile storage area accessible by the proces 
sors, Wherein the second nonvolatile storage area is a 
hidden partition of the primary drive; and 

a rejuvenation tool having access to the primary drive and 
the second nonvolatile storage area, Wherein the rejuve 
nation tool is effective to: 

during a ?rst period of time that the programs are used on 
the primary drive, store one or more user data ?les on the 

primary drive; 
create a ?rst image of the primary drive after the ?rst period 

of time has elapsed and store the ?rst image on the 
second nonvolatile storage area; 

during a second period of time that the programs are used 
on the primary drive: 
install a neW application; 
store the neW application as an application image on the 

second nonvolatile storage area; and 
store one or more additional user data ?les on the pri 

mary drive; 
rejuvenate the primary drive after the second period of time 

has elapsed, the rejuvenation being effective to: 
copy the user data ?les and the additional user data ?les 

from the primary drive to the second nonvolatile stor 
age area; 

reformat the primary drive after the copying; 
copy the ?rst image from the second nonvolatile storage 

area to the reformatted primary drive; 
recopy the user data ?les and the additional user data 

?les from the second nonvolatile storage area to the 
reformatted primary drive; 

prompt a user Whether to reinstall the neW application 
stored as an application image on the second nonvola 
tile storage area; 

receive a response to the prompt from the user; 
reinstall the neW application from the second nonvolatile 

storage area to the reformatted primary drive upon 
receiving a yes response from the user; and 

not reinstall the neW application in response to receiving 
a no response from the user. 

7. The information handling system of claim 6 Wherein the 
rejuvenation tool is further effective to: 

receive one or more patches corresponding to the programs 
during the second period of time; 

apply the patches to the programs stored on the primary 
drive; and 






